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Abstract.

Hematologic changes in acute and convalescent uncomplicated Plasmodium falciparum malaria have not

been well studied, particularly in young children in Africa. Hematologic data were obtained for 3,044 children less than
five years of age in seven randomized controlled trials at 14 sites. Using paired analysis between day 28 and baseline
in patients without parasitologic failure as a proxy for malaria-induced effects, we found a statistically significant but
clinically modest increase in leukocyte counts (5% ) resulting from a larger increase in neutrophils (43 % ) than the decrease
in lymphocytes counts (-16%); levels of hemoglobin and platelets decreased (-13% and —49 %, respectively). Multivariate
random effects analysis showed trends during follow-up (increased levels of hemoglobin, platelets and lymphocytes, and
decreased levels of leukocytes and neutrophils) and identified explanatory variables. The risk of neutropenia increased
with follow-up time independent of treatment outcome, and was lower with age, higher baseline parasitemia, and
artemisinin combination treatment. These analyses provides information on hematologic variations caused by malaria.

INTRODUCTION

Hematologic changes in acute and convalescent Plasmodium
falciparum malaria have not been well-studied, particularly in
the most vulnerable population, children in malaria-endemic
areas. Without such information, it is also difficult to appreci-
ate the hematologic toxicity of antimalarial drugs.

To our knowledge, there is a general lack of data on hema-
tologic parameters for malaria in children in Africa and on
the clinical significance of variations of these parameters in
patients treated with antimalarial drugs.! Except for anemia, lit-
tle is known about children in Africa with P. falciparum malaria;
other hematologic parameters pre-antimalarial and post-anti-
malarial treatments have not been studied (or at least reported)
systematically for this population. Most of the (limited) data
available from the existing literature concerns adult malaria
patients from areas of low malaria endemicity.®> Moreover,
investigations have been conducted essentially on baseline val-
ues and have mostly ignored leukocyte differential counts and
their changes post-treatment; the latter are reported in a frac-
tion of the published randomized controlled trials (RCTs), and
when they are, they concern changes of individual parameters
without multivariate analysis.

The purpose of this study was to obtain and analyze hema-
tologic parameters for children in Africa less than five years
of age at presentation with acute uncomplicated P. falci-
parum malaria at the time of enrollment into RCTs and after
antimalarial treatment. This was conducted to investigate
how malaria affects hematologic parameters and how these
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parameters change post-antimalarial treatment (caused by
recovery or treatment-induced adverse effects).

METHODS

Data and patients. Data on age, parasitemia, hematologic
parameters (leukocyte total counts, neutrophil and lymphocyte
counts, hemoglobin levels or hematocrit, platelet counts),
treatment and treatment outcome were extracted from a
database of seven RCTs conducted with 28-day follow-up
at 14 sites in sub-Saharan Africa®'? (Table 1). Data were
censored for patients who did not complete follow-up or had
recurrent P. falciparum infections. Details on these studies
have been reported.'* Analyses were restricted to children less
than five years of age for whom leukocyte counts were available
at study enrollment (n = 3,044). The number of patients
treated with an artemisinin-based combination therapy (ACT)
was 2,459 (81%): artesunate plus amodiaquine (AS + AQ;
n = 1,633, 54%) compared with artemether-lumefantrine (n =
396, 13%), artesunate plus sulfadoxine-pyrimethamine (n =
217, 7%), dihydroartemisinin-piperaquine (n = 211, 7%); and
non-ACT (n = 585,19%): AS (n =228,8%),AQ (n=39,1%),
quinine plus clindamycin (n =29,1%), and AQ + sulfadoxine-
pyrimethamine (n = 289, 9%). Parasite densities (number/uL)
were computed by using the actual baseline leukocyte count
instead of the standard approximation method.!

Statistical analysis. Baseline hematologic parameters (log-
transformed) were analyzed by using a linear model including
age (in years) and parasitemia (log-transformed) and their
interaction. A random effect for each study site was included
when the Lagrange multiplier (LM) test' result was significant
for heterogeneity between studies.

During the 28-day follow-up, the timing of post-treatment
hematologic assessments varied across studies (Table 2).
Therefore, an adjustment for time (day of observation) was
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TABLE 1

Admission values by study site for patients with uncomplicated Plasmodium falciparum malaria, sub-Saharan Africa

Leukocytes Neutrophils Lymphocytes Hemoglobin
Age (years) Parasitemia (x10° cells/L) (x10° cells/L) (x10” cells/L) (g/dL) Platelets (x10°cells/L)
Site Reference Mean SD rﬁzng(e/Hf) No. Mean SD No. Mean SD No. Mean SD No. Mean SD No. Mean SD
Pouytenga, Burkina
Faso 12 20 12 18,966 582 115 48 567 41 27 582 6.1 34 582 51 1.0 58 177 112
Mendong, Cameroon 11 29 09 16479 72 82 21 71 41 17 72 38 48 72 113 1.3
Lambaréné, Gabon 6 32 09 17,026 71 82 29 68 33 19
Migori, Kenya 6 24 1.6 11,035 28 99 42 28 62 33 28 88 1.8
Tsiroanomandidy,
Madagascar 11 33 08 21,942 55 7.7 29 50 42 26 5 29 12 55 98 22
Bancoumana, Mali 11 3.0 09 37,676 94 10.6 3.6 90 64 3.0 94 3.0 1.6 94 92 15
Bougoula, Mali 7 23 12 35295 669 104 4.4 668 101 1.8 617 179 95
Kicukiro, Rwanda 9 29 10 14,151 174 68 26 174 37 19 174 10.7 1.9
Mashesha, Rwanda 9 28 1.0 27402 218 54 16 218 30 13 218 102 1.5
Rukara, Rwanda 9 23 1.0 27,597 250 40 16 250 18 1.0 250 104 1.8
Senegal 6 31 09 15285 204 112 46 189 58 34 189 44 23 200 88 21
Kampala, Uganda 23 32 08 54353 249 91 38 247 47 29 249 109 13 243 228 107
Kivunge, Zanzibar 10 24 12 10456 278 63 31 278 35 24 278 87 1.5
Micheweni, Zanzibar 10 20 12 23813 100 65 1.5 100 31 12 100 8.0 14
Total 25 12 18434 3,044 88 45 2330 39 2.6 992 52 34 2968 89 26 1442 187 106

included. A random intercept for each person was included in
case of a significant LM test result. All available hematologic
values for every patient were considered in linear multivari-
ate analyses for each hematologic parameter (continuous, log-
transformed) including time trends (in days), age (in years),
parasitemia (log-transformed), potential effects of ACT
(binary), parasitologic recurrence (binary), and interaction of
age and parasitemia.

To illustrate trends in hematologic parameters, a descriptive
analysis of the mean values weighted by site is presented for
patients with data up to day 28 and a linear interpolation for
missing values on day 21 (all except Zanzibar for neutrophils
and hemoglobin) and day 14 in some sites (Table 2).

Neutropenia was defined' as neutrophil counts < 1.2 x 10°
cells/L. Mild-to-moderate neutropenia (grades 1 and 2) was
defined as 0.4 to 1.2 x10° cells/L,and severe neutropenia (grades
3 and 4) was defined as < 0.4 x 10° cells/L. A multivariate logis-
tic regression with random effects for each person was included
to assess the trend in neutropenia (analyzed as a binary vari-
able) during follow-up and adjusting the risks (adjusted odds
ratio [AOR]) by including the above-cited variables.

The influence of malaria on hematologic parameters was
studied by using paired ¢-test analysis that compared convales-
cent-phase (day 28) and acute-phase (day 0) values in patients
who cleared their parasites and in whom parasitemia did not
recur (as a proxy for the P. falciparum-attributable fractional
change). Changes are presented as paired mean relative dif-
ference (percentage, 95% confidence interval [CI] with day 28
as the reference).

The coefficient of correlation resulting from the multiple
linear regressions with random effects was noted as r. P values
<0.05 were considered significant. The statistical program used
was STATA version 10 (Stata Corp., College Station, TX).

RESULTS

‘We analyzed data for 3,044 children and 8,295 measurements
made at various time points for leukocyte counts: 6,195 for neu-
trophils, 2,518 for lymphocytes, 8,252 for hemoglobin levels, and
3,680 for platelets.

Relationship between baseline hematologic parameters,
parasitemia, and age. Heterogeneity was detected across
sites in baseline hematologic parameters (LM, P < 0.001
for each parameter) and required random effect models.
At presentation, leukocyte counts were higher in children
with higher parasitemias (r = 0.20, P = 0.001), and there
was no significant interaction between age and parasitemia
(P = 0.057), i.e. the correlation between leukocyte count
and parasitemia did not vary with age. Neutrophil counts
were higher in children with higher parasitemias (r = 0.30,
P = 0.001) irrespective of age (P = 0.80); no interaction
was observed between age and parasitemia (P = 0.72).
Lymphocyte counts showed no relationship with parasitemia
or age, but there was a significant interaction between age and
parasitemia; lymphocyte counts were lower in older children
and those who had higher parasitemias (r = -0.06, P = 0.005).
Age, parasitemia, and their interaction were not significantly
related to hemoglobin levels or platelet counts.

TABLE 2
Follow-up duration per study for hematologic parameters for patients with uncomplicated Plasmodium falciparum malaria, sub-Saharan Africa

Location (reference) No. Leukocytes Neutrophils Lymphocytes Hemoglobin Platelets
Multi-center (6) 114 Day 0 Days 0, 28
Multi-center (11) 410 Days 0,7,28 Days 0,7,28 Days 0,7,14,28 Days 0,28
Burkina-Faso (12) 582 Days 0,7, 14,28 Days ,7,14,28 Days 0,7, 14,28 Days 0,7, 14,28 Days,7,14,28
Mali (7) 669 Days 0,7,14,28 Days 0,7,14,28 Days 0,7,14
Rwanda (9) 642 Days 0, 14 Days 0, 14 Days 0, 14
Uganda (23) 249 Days 0, 14 Days 0,14 Days 0,14 Days 0,14
Zanzibar (10) 378 Days 0,7, 14,21, D28 Days 0,7,14,21,28 Days 0,7, 14,21,28
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TABLE 3

Post-treatment trends in hematology parameters, all patients and observations (linear multivariate analysis, random effect on individuals) for
patients with uncomplicated Plasmodium falciparum malaria, sub-Saharan Africa*

Parameter Time trend Significant predictor Significant interactions
Leukocytes Downward (P = 0.001) Baseline parasitemia (+), ACT treatment (+) None
Neutrophils Downward (P = 0.001) Baseline parasitemia (+), ACT treatment (+) None
Lymphocytes* Upward (P = 0.001) Baseline parasitemia (+), parasitologic recurrence (-) None
Hemoglobin Upward (P = 0.001) Age (+),ACT treatment (-) None
Platelets Upward (P = 0.001) ACT treatment () None

*Data were available only in trials of artemisinin-based combination drugs (ACTs).

Trends in hematologic parameters during post-treatment
follow-up. Linear regression models with a random effect
(LM, P = 0.001, for each parameter) showed trends over
time during the post-treatment follow-up for all hematologic
parameters studied and identified contributing variables
(Table 3). Leukocyte and neutrophil counts showed decreasing
trends and lymphocytes show increasing trends. Patients
with higher baseline parasitemias had higher leukocyte
counts (neutrophils and lymphocytes) during follow-up than
those with lower parasitemias. Treatment with an ACT was
associated positively with leukocyte and neutrophil counts
and negatively with hemoglobin levels and platelet counts;
no association was found with lymphocyte counts. Age was
positively associated only with an increased hemoglobin
level. Recurrent parasitemia during follow-up was negatively
associated with increases in lymphocyte counts (in trials with
ACTs).

To illustrate hematologic trends, a descriptive analysis was
used (Table 4) for aggregate results for individual studies
(Figure 1). Results were consistent with those of multivariate
analysis. From baseline to day 7, leukocyte counts remained
unchanged, then decreased through day 28 in a way that was
statistically significant but of uncertain clinical significance.
Neutrophil counts decreased from baseline to day 7 and
thereafter remained constant through day 28, while lympho-
cyte counts showed the opposite trend (increased on day 7
and remained constant through day 28).

Hemoglobin levels did not change significantly from base-
line to day 7 and then increased through day 28. Platelet counts
increased sharply by day 7, and showed a plateau thereafter.

Neutropenia. The overall prevalence of neutropenia on
admission was 7% (161 of 2,330), from 1% (2 of 247) in
Uganda to 9% (86 of 642) in Rwanda. Using logistic regression
with random effects on persons, we observed that risks for
neutropenia increased with follow-up time (AOR = 1.04,95%
CI=1.03-1.05,P=0.001) independent of parasitologic outcome.
Patients with higher parasitemias on admission (AOR =

0.69,95% CI = 0.57-0.83, P = 0.001), older patients (AOR =
0.81,95% CI = 0.73-0.91, P = 0.001) and patients treated with
ACTs (AOR = 048, 95% CI = 0.33-0.68, P = 0.001) were
at lower risk for neutropenia. Overall, severe neutropenia
(neutrophil counts < 0.4 x 10° cells/L) was found in 33 patients:
21% (7 of 33) occurred at presentation and recovered during
the follow-up, 6% (2/33) occurred on day 7,and 70% (23 of 33)

occurred on day 28. All severe cases occurred only once per
patient. Twenty-five of these 33 cases occurred in Burkina-
Faso (6 at presentation and 19 on day 28).

Estimation of P. falciparum-attributable fractional changes
in hematologic parameters. The influence of acute uncom-
plicated malaria on hematologic parameters defined by
estimation of P. falciparum-attributable paired fractional
changes between day 0 (acute-phase malaria patients) and
day 28 (convalescent-phase malaria patients) was assessed
for patients who cleared parasites and did not show recurrent

TABLE 4

Evolution of hematologic parameters over time in randomized controlled trials with day 28 data for convalescent-phase patients with uncompli-

cated Plasmodium falciparum malaria, sub-Saharan Africa

Parameter Value Day 0 Day 7 Day 14 Day 21 Day 28
Leukocytes (x10° cells/L) No. 1,470 1,076 547 NA 841
Mean 9.8 9.9 9.5 9.3% 9.1
SD 1.6 1.8 1.4 1.3 12
Mean change % 1% -3% NA 7%
Neutrophils (x10° cells/L) No. 1,175 839 385 316 1,078
Mean 4.5 3.4 33 33 32
SD 12 0.5 0.6 0.6 0.6
Mean change % —24% —27% —27% -29%
Lymphocytes (x10° cells/L) No. 877 532 111 NA 768
Mean 4 5.4 5.2 5.0 5.1
SD 1.4 1.5 13 1.3 14
Mean change % 35% 30% NA 28%
Hemoglobin (g/dL) No. 1,730 1,410 914 317 1,642
Mean 8.9 8.7 9.2 9.7 10.2
SD 1.1 0.9 0.8 0.8 0.9
Mean change % 2% 3% NA 15%
Platelets (x10° cells/L) No. 993 682 535 NA 459
Mean 178 321 297 3037 309
SD 0.8 325 37.6 42.4 472
Mean change % 80% 67% NA 74%

*Mean change is the relative difference with day 0 as the referent. NA = not applicable.
T Linear interpolation.
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Ficure 1. Mean hematologic values weighted by site for patients with data through day 28 and uncomplicated Plasmodium falciparum malaria,
sub-Saharan Africa. WCC = white blood cells (leukocyte) counts. Units for leukocytes, neutrophils, lymphocytes, and platelets are x10° cells/liter
and units for hemoglobin are g/dL. A linear interpolation is shown for missing values on day 21.

parasitemia within 28 days (Table 5). These findings represent
92% (1,157 of 1,254),92% (1,061 of 1,153), 95% (768 of 806),
89% (1,642 of 1,841), and 96% (459 of 478) of patients with
paired values for leukocyte, neutrophil, and lymphocyte
counts; hemoglobin levels; and platelets counts, respectively.

The estimated fractional changes were a slight increase in
leukocytes counts (5%,95% CI = 3-7%); a marked increase in
neutrophil counts as absolute counts (43%,95% CI=26-35%)
and as proportion of total leukocyte counts (from 34% to
45%); a decrease in lymphocytes both as absolute counts

TABLE 5

Paired attributable fractional difference induced by Plasmodium falciparum infection at days 0 and 28 in randomized controlled trials for
convalescent-phase patients with uncomplicated Plasmodium falciparum malaria, sub-Saharan Africa*

Day 28 Day 0 Paired fractional difference Paired difference
Parameter No. Mean SD Mean SD % Lower 95% CI Upper 95% CI Mean SD P
Leukocytes (x10° cells/L) 1,157 9.0 3.8 9.5 4.4 5 3 8 0.5 4.1 0.001
Neutrophils (x10° cells/L) 1,061 3.0 1.7 4.2 2.8 43 37 50 1.3 3 0.001
Lymphocytes (x10° cells/L) 768 6.1 3.1 5.1 33 -16 -20 -11 -0.9 3.5 0.001
Hemoglobin (g/dL) 1,642 9.4 24 82 27 -13 ~14 -1 -12 15 0.001
Platelets (x10° cells/L) 459 338 163 172 102 —49 =50 —48 -165 174 0.001

*CI = confidence interval.
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(-16%,95% CI =-14% to —23%) and as a proportion of total
leukocyte counts (59% to 47%); a decrease in hemoglobin
levels (-13%,95% CI=-14% to-11%);and a marked decrease
in platelets counts (-49%, 95% CI —-48% to —50%). The ratio
of neutrophils to lymphocytes was 0.96 in patients with acute
malaria and 0.58 in patients with convalescent malaria.

DISCUSSION

This study analyzed hematologic parameters of a relatively
large sample of children less than five years of age with acute
uncomplicated P. falciparum malaria living in countries in sub-
Saharan Africa with moderate-to-intense malaria transmission.
Results of analyses concur to show the direction of changes
in hematologic parameters in patients with acute malaria and
during recovery. However, quantitating the changes induced
by malaria (on presentation) and the contribution of recovery
and drug effects post-treatment proves challenging.

The overall purpose of these analyses was to obtain knowl-
edge of an estimation of the natural history of hematologic
parameters before and after treatment of uncomplicated
P. falciparum malaria in young children in Africa. These analy-
ses could help improve the understanding of basic biological
phenomenon and better assess causal relationships between
antimalarial drugs and laboratory-associated adverse events.

Baseline leukocyte and neutrophil counts were consistently
associated with higher parasitemias across the entire age range.
Platelet counts and hemoglobin levels were not related to para-
sitemia; lymphocyte counts varied with age and were lowest in
older children with higher parasitemias. In adults in Thailand,
no correlation was found between parasitemia and leukocyte
counts.?? The first study reported a correlation between leuko-
cyte count and temperature, and the second study reported an
inverse correlation with platelet counts. Conversely, McKenzie
and others!” found a positive correlation between leukocytes
counts and parasitemias in adults in Burma and Peru (the
strength of the correlation varied with the site and the year of
study) but not with fever and duration of illness.

In an attempt to describe the influence of acute uncompli-
cated malaria on hematologic parameters on admission (i.e.,
the natural history of malaria), we used the values of conva-
lescent-phase patients (day 28 values of those patients who
cleared their initial parasitemias and did not show recurrence
during follow-up) as a proxy for patients baseline; the direc-
tion and dimension of change was derived as the difference
between this value and the baseline value (defined as P, falci-
parum-attributable fractional change).

We estimate that acute uncomplicated P. falciparum malaria
induces a slight net increase (5%) in total leukocyte counts
resulting from a large increase in neutrophils (43%) and
a proportionally smaller decrease in lymphocytes (-16%).
Hemoglobin levels were decreased by —13% and platelet counts
were decreased by half (—49%).

Our method of estimation has limitations. One must assume
that by day 28 values return to reference (normal) levels after
acutemalaria,thatdrug (adverse)effectsonthese parametersare
cleared, and that, if a recurrence occurred post-day 28, it would
have negligible effects on the recovery values. Furthermore,
normality has relatively broad ranges and is affected by other
factors, including frequency of malaria episodes (determined
by intensity of transmission) and concomitant infections
(e.g., gastrointestinal helminths, schistosomiasis).

In the absence of (site-specific and age-specific) refer-
ence laboratory ranges for children in Africa, it is difficult to
quantitate the clinical significance of change induced by acute
malaria. Quint6 and others'® found that the local intervals in
Mozambique were different from western standards. In chil-
dren 1-5 years of age, hemoglobin levels increased from 6.8~
12.4 g/dL to 8.0-13.5 g/dL; leukocyte counts decreased from
6.2-16.6 x 10° cells/L to 5.6-14.4 x 10° cells/L); and platelets
counts remained stable (from 133-750 x 10° cells/L to 138-
533 x 10° cells/L). Applying reference values of Quinto and
others was not informative because 67% of the children who
responded to treatment had baseline leukocyte counts within
reference ranges compared with 65% of those who had a
recurrence. The proportions of those who had values below
and above reference ranges were 25% versus 28% and 8%
versus 6%, respectively.

Other studies estimated changes by comparing malaria-
infected persons with healthy persons. A study in adults
(n = 1,100 with malaria versus 979 negative controls; age
range = 20-70 years) in Thailand found that leukocyte counts
< 5,000 cells/uL, erythrocyte counts < 4,000,000 cells/uL, and
platelet counts < 150,000 cells/ul were significantly more
likely in patients with malaria (P, falciparum or P. vivax) than
in controls.®> Another study of leukocyte counts in persons with
P, falciparum or P. vivax malaria and uninfected persons (essen-
tially adults from Myanmar and Peru) showed that leukocyte
counts in persons with P, falciparum malaria were greater than
those in persons with P. vivax malaria and healthy subjects.”
Differential cell counts were not reported in this study. In adults
in India, no difference was detected in leukocyte and neutrophil
counts between persons with P, vivax or those with P. falciparum
malaria.”? In children in Kenya,” leukocytosis resulting from high
parasitemias was associated with severe outcomes and mortality,
but in hyper-parasitemic children (> 10% parasitemia) in Nigeria,
thrombocytopenia, although common, was not related to higher
parasite counts.?!

When we compared results of our study and previous stud-
ies, it is clear that there are increased leukocyte counts and
decreased platelet counts in persons with acute uncompli-
cated malaria. However, whether these changes are related to
parasitemia is controversial. Differences are likely influenced
by the difference in age of the patients studied and the back-
ground intensity of infection between children from Africa
and adults from low-transmission areas. Moreover, different
from previous studies, our study analyzed differential (neutro-
phils and lymphocytes) cell counts.

Multivariate and descriptive analyses showed statistically
significant changes during the 28-day follow-up, which enabled
us to derive trends and identify predictors and interactions.
However, if one considers all patients and observations, we
cannot quantitate the changes in a manner that is easily trans-
posed into net gains or losses. Regarding direction of changes,
there was a net decrease in leukocyte counts resulting from
a decrease in neutrophil counts (also reported by Adjei and
others') that was proportionally greater than the increase in
lymphocyte counts. Hemoglobin levels and platelet counts also
increased.

Our analysis identified predictors of the extent of these
changes. Baseline parasitemia was positively associated with
the trends in leukocyte and differential cell counts: the higher
the parasitemia at baseline, the greater the decrease in neu-
trophil and leukocyte counts and the greater the increase in
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lymphocyte counts. Children who received ACT had a greater
decrease in neutrophil and leukocyte counts (lymphocytes
counts were not affected) and a smaller increase in hemoglobin
levels and platelet counts. The increase in lymphocyte counts
was less than in those who had a recurrent malaria episode.
Older children within this population of persons less than five
years of age had a greater increase in hemoglobin levels.

The main issues regarding the decrease in neutrophil counts
during follow-up are 1) whether it is related to the natu-
ral history of (convalescent) malaria or drug-induced (thus,
an adverse event), and 2) what the entity of the decrease is
(occurrence and severity of neutropenia). In this dataset,
the prevalence of neutropenia (neutrophil counts < 1.2 x
10° cells/L) varied greatly at admission and during follow-up
across study sites and was lower for patients who were older,
had higher baseline parasitemias, and received ACT. Concerns
remain as to the potential risks of neutropenia associated with
AQ-containing drug regimens, especially in children infected
with human immunodeficiency virus, in whom the risk for
neutropenia was significantly higher among those receiving
antiretroviral drugs.”? The data in the present analysis do not
specify human immunodeficiency virus status, but do not indi-
cate differences in the risk for neutropenia post-treatment
between those receiving AS + AQ and those receiving other
antimalarial treatments.

Systematic reviews and individual patient analyses may
generate new evidence. Pooling individual patient data offers
advantages over aggregate meta-analysis because it enables
defining and analyzing secondary outcomes and conducting
subgroup and multivariate analyses that are not reported in
publications and cannot be conducted for aggregate data. This
finding is particularly true for safety in general and more spe-
cifically for laboratory data. However, data from different set-
tings are likely to be heterogeneous (as was the case in our
study), which indicates that appropriate analytical approaches
must be applied and that results may not be universally
applicable.

These analyses confirm the complexity of examining hema-
tologic changes in children less than five years of age, a group
that is particularly susceptible because they are more likely to
have on presentation higher baseline parasitemias, be anemic,
carry gametocytes, and have a higher risk of treatment failure
compared with older children and adults, which is consistent
with a lack of malaria-acquired immunity.” Interpreting these
results is not straightforward and will require confirmation
on extended databases. For this reason, it is important that
an effort be made to obtain and collate information from as
many studies and sites as possible and analyze them systemati-
cally. Finally, establishing reference laboratory ranges that are
locally relevant should be a priority. These values will be use-
ful for clinical research.

Additional limitations of our study that may be sources of
bias, including spectrum composition, are that it was restricted
to RCTs up to August 2008 with available data for children less
than five years of age; treatments were unevenly represented
(AS + AQ constituting approximately half of all treatments);
there were relatively few treatment failures, which makes it
difficult to contrast changes for favorable and unfavorable out-
comes; and hematologic data were often not presented in pub-
lications, making it difficult to identify all (additional) studies
that could be included. Therefore, it is important to increase
awareness of the pertinence of this research to expand the

database. Furthermore, these analyses cannot distinguish
between the changes occurring while patients recover from
acute malaria and those resulting from drug adverse reactions.
Again, a larger spectrum of treatments will help address this
issue. Finally, these analyses show substantial heterogeneity of
hematologic parameters in children across and within coun-
tries, a finding that illustrates the challenges faced when mak-
ing drug policy decisions.
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